Non-invasive sampling is an important development in population genetic monitoring of 28 wild animals. Particularly, the collection of environmental DNA (eDNA) which can be 29 collected without needing to encounter the target animal, facilitates the genetic analysis 30 of cryptic and threatened species. One method that has been applied to these types of 31 sample is target capture and enrichment which overcomes the issue of high proportions 32 of exogenous (non-host) DNA from these lower quality samples. We tested whether 33 target capture of mitochondrial DNA from sampled feeding traces of wild aye-ayes would 34 yield mitochondrial DNA sequences for population genetic monitoring. We sampled 35 gnawed wood from feeding traces where aye-ayes excavate wood-boring insect larvae 36 from trees. We designed RNA probes complementary to the aye-aye's mitochondrial 37 genome and used these to isolate aye-aye DNA from other non-target DNA in these 38 samples. We successfully retrieved six near-complete mitochondrial genomes from two 39 sites within the aye-aye's geographic range that had not been sampled previously. This 40 method can likely be applied to alternative foraged remains to sample species other than 41 aye-ayes. Our method demonstrates the application to next-generation molecular 42 techniques to species of conservation concern. 43
Introduction 47
Genetic sampling of wild populations can help us to address questions of demography, 48
individual relatedness, population structure, and other important aspects of biodiversity 49 that cannot be answered by behavioural monitoring alone (Allendorf, Hohenlohe, & 50 One species that could especially benefit from the advances in non-invasive genetic 75 sampling is the aye-aye (Daubentonia madagascariensis), which is a rare and elusive 76
Malagasy primate of major conservation concern (Sterling & McCreless, 2007; Schwitzer 77 et al., 2013) . The low population density, large home range size, cryptic nature, and 78 nocturnal activity of aye-ayes make them particularly difficult to locate, and precise 79 distributions and population densities are unclear (Sterling, 1994b) . Challenges of 80 monitoring aye-ayes and obtaining reliable population dynamics data are reflected in the 81 volatility of aye-aye's conservation status designations over the last 70 years. In the 82
1950's, the aye-aye was thought to be extinct (Sterling, 1994b) . After aye-ayes were 83 rediscovered in 1957, they were classified as Endangered; in 2008, their status was 84 changed to Near Threatened before being reassessed as Endangered in 2012 85 (Andriaholinirina et al., 2015) . In addition to being listed as Endangered, aye-ayes are 86 currently considered one of the world's top 25 most endangered primates 87 (Randimbiharinirina et al., 2017 in Schwitzer et al. 2016 Schwitzer et al. -2018 . Few encounters, along 88 with the aye-aye's solitary social organization and long maternal investment suggest low 89 population densities. Low nuclear genomic diversity in aye-ayes reflects these 90 assumptions; genomic analyses estimates of heterozygosity of 0.051%, and genetic 91 diversity across synonymous sites of = 0.073, are the lowest of any primate species 92 studied to date Perry, Reeves, et al., 2012) . Therefore, despite 93 the wide distribution of aye-ayes, there are likely few individuals, increasing the risk of 94 local and global extinction (Schwitzer et al., 2013; Gross, 2017) . 95
96
The IUCN's lemur survival strategy recognises the need for biological monitoring of aye-97 ayes to better assess population status and conserve genetic diversity within this lineage 98 (Schwitzer et al., 2013) . In addition to their elusive behaviour making aye-ayes difficult 99 to find and monitor, genetic sampling of individuals once they have been located is 100 challenging; invasive collection of blood and tissue can only be achieved during 101 immobilization, which is risky and must be conducted by trained and experienced 102 personnel (Cunningham, Unwin, & Setchell, 2015) . Therefore, to assess genetic diversity 103 and identify priority populations for conservation a new, reliable means of non-invasive 104 sampling in aye-ayes is required. markers in the genome of the target organism are specially designed and synthesized 118 (Gnirke et al., 2009 ). These probes hybridize to the endogenous DNA in the sample. After 119 hybridization, the biotin coating of the probes allows streptavidin-coated magnetic beads 120 to bind; the bound probes and hybridized endogenous DNA can then be isolated from the 121 exogenous DNA by using a magnet (Gnirke et al., 2009; Giolai et al., 2016 Partnership since 2010, aye-aye faecal samples have only been collected through routine 139 immobilizations.. Therefore, to gain information on the genetics of aye-aye populations 140 to meet the IUCN aims, in this paper, we explore the possibility of sampling eDNA from 141 aye-ayes (Schwitzer et al., 2013) . 142
143
One potential source of eDNA in aye-ayes is from their distinct feeding traces left on trees. 144
These traces are associated with their adaptations for extracting the larvae of wood-145 boring insects from tree trunks and branches, after identifying suitable foraging locations 146 via a process of sniffing, lightly tapping, and listening (Sterling, 1994a; Erickson, 1995) . 147
Aye-ayes gnaw into selected areas of trees with their elongated and continuously growing 148 incisors and extract larvae using their thin flexible third digit (Sterling, 1994a We investigated the application of target capture and enrichment to obtain aye-aye DNA 155 from aye-aye feeding traces. We aimed to determine whether this method is a feasible 156 alternative to invasive sampling. If eDNA samples provide a means of remotely sampling 157 wild aye-aye populations, we predict that (1) target enrichment is an effective method of 158 obtaining aye-aye DNA from the exogenous DNA in feeding traces, and (2) we will be able 159 to obtain full mitochondrial genomes (hereafter 'mitogenomes') for population genomic 160 (Table 1) . For samples for which it was possible to calculate 318 the fold enrichment (i.e., the samples that were both shotgun sequenced and sequenced 319 following DNA capture), the percent of unique on-target reads increased by over 100 320 times. For captured samples, the percent of on-target reads ranged from 0.009% to 27.5% 321 of the total reads, whereas the percent unique on-target reads ranged from 0.001% to 322 0.05% (Table 2) . 323
324
We recovered near-complete mitogenomes for six of the 19 captured samples (31.6%). 325
The depth and breadth of coverage varied between samples (Table 1) . For these six 326 mitogenomes, the mean depth of coverage was 16x (range 8-25x). For the 13 samples 327 with less than 90% coverage, the percent of the genome covered ranged from 10-71% 328 (mean 32.58%) with a mean depth of 1.7 (+/-0.3-2.8). 
